BACKGROUND: Screening outreach programs using population health management principles offer services uniformly to all eligible persons, but racial/ethnic colorectal cancer (CRC) screening patterns in such programs are not well known. OBJECTIVE: To examine the association between race/ ethnicity and the receipt of CRC screening and timely follow-up of positive results before and after implementation of a screening program. DESIGN: Retrospective cohort study of screen-eligible individuals at the Kaiser Permanente Northern California community-based integrated healthcare delivery system (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013). SUBJECTS: A total of 868,934 screen-eligible individuals 51-74 years of age at cohort entry, which included 662,872 persons in the period before program implementation (2004)(2005)(2006), 654,633 during the first 3 years after implementation (2007)(2008)(2009), and 665,268 in the period from 4 to 7 years (2010-2013) after program implementation. INTERVENTION: A comprehensive system-wide longterm effort to increase CRC that included leadership alignment, goal-setting, and quality assurance through a PHM approach, using mailed fecal immunochemical testing (FIT) along with offering screening at office visits. MAIN MEASURES: Differences over time and by race/ ethnicity in up-to-date CRC screening (overall and by test type) and timely follow-up of a positive screen. Race/ ethnicity categories included non-Hispanic white, nonHispanic black, Hispanic/Latino, Asian/Pacific Islander, Native American, and multiple races. KEY RESULTS: From 2004 to 2013, age/sex-adjusted CRC screening rates increased in all groups, including 35.2 to 81.1 % among whites and 35.6 to 78.0 % among blacks. Screening rates among Hispanics (33.1 to 78.3 %) and Native Americans (29.4 to 74.5 %) remained lower than those for whites both before and after program implementation. Blacks, who had slightly higher rates before program implementation (adjusted rate ratio [RR] = 1.04, 99 % CI: 1.02-1.05), had lower rates after program implementation (RR for period from 4 to 7 years = 0.97, 99 % CI: 0.96-0.97). There were also substantial improvements in timely follow-up of positive screening results. CONCLUSIONS: In this screening program using core PHM principles, CRC screening increased markedly in all racial/ethnic groups, but disparities persisted for some groups and developed in others, which correlated with levels of adoption of mailed FIT.
INTRODUCTION
Colorectal cancer (CRC) remains the second leading cause of cancer death in the United States (US), and disparities persist 1 despite the availability of proven prevention, early detection, and treatment strategies. [2] [3] [4] [5] [6] National policy groups recommend routine screening for eligible adults using colonoscopy, and sigmoidoscopy and/or high-sensitivity fecal occult blood testing. 7 National Health Interview Survey data show that 57.8-61.2 % (depending on the analytic approach) of eligible adults were up to date with CRC screening in 2013, overall, 8, 9 and 60.4 % of non-Hispanic whites, 58.2 % of non-Hispanic blacks, 49.8 % of Asians and 41.5 % of Hispanics were up to date. 9 Efforts are under way to boost screening uptake to 80 % by 2018. 10 Electronic supplementary material The online version of this article (doi:10.1007/s11606-016-3792-1) contains supplementary material, which is available to authorized users.
Underutilization of screening in some racial/ethnic groups contributes to disparities in CRC death rates, [11] [12] [13] [14] [15] [16] particularly for blacks, who have the highest CRC mortality rates in the US. 17, 18 These screening disparities may be related to lack of awareness or acceptance, poor patient-physician communication, economic and structural barriers such as lack of health insurance coverage or usual place of medical care. 14, [19] [20] [21] [22] [23] These barriers may be perpetuated by the traditional opportunistic delivery approach that relies on patient office visits where individual providers order screening tests and encourage adherence. 24 In contrast, proactive screening programs based on population health management (PHM) principles can provide more uniform services to all eligible persons without relying on face-to-face office visits. [24] [25] [26] [27] These programs have the potential to eliminate disparities in access to and utilization of CRC screening, 28 but their effectiveness in increasing uptake across diverse groups is unclear. 29 In 2005, Kaiser Permanente Northern California (KPNC) initiated a more comprehensive long-term effort to increase CRC that included leadership alignment, goal-setting, and quality assurance. This effort was enhanced in 2007, when KPNC implemented a PHM approach, which increased screening rates from 37 to 69 % in the commercially insured and from 41 to 78 % in the Medicare population over the period from 2005 to 2010. 24 These increases were higher than those reported in the general population of 33.9 % in 2000 to 57.8-61.2 % in 2013. 8, 9 However, the impact of the KPNC program on racial/ethnic disparities has not been examined. This study investigated whether CRC screening uptake, the type of test received, and timely follow-up of positive results after PHM program implementation differed according to race/ethnicity. These results have implications for health systems and policymakers aiming to increase CRC screening rates in defined populations.
METHODS

Setting
This was a retrospective cohort study of CRC-screen-eligible persons who were KPNC members during 2004-2013. KPNC is a community-based healthcare delivery system that provides both healthcare and insurance for about 3.8 million members each year. This integrated delivery structure, along with low disenrollment, provides a stable population whose utilization history can be evaluated over lengthy periods of follow-up. Approval for this study was obtained from the institutional review boards at KPNC and the University of Pennsylvania. This study was conducted within the National Cancer Institutefunded Population-based Research Optimizing Screening through Personalized Regimens (PROSPR) consortium. 30 
Study Population
For this study, individuals were screen-eligible if they were 51-75 years of age, had no previous CRC diagnosis, had not undergone colectomy, and were enrolled for at least one full calendar year between January 1, 2004, and December 31, 2011 (Fig. 1 ). All individuals were followed using electronic data until December 31st of 2013, CRC diagnosis, age >75 years, disenrollment from KPNC, or death, whichever came first.
Data Sources
Data for the study were obtained from electronic clinical, administrative, vital status, and US Census Bureau data. CRC diagnosis information was obtained from tumor registry data. 31 CRC tests were identified using Current Procedural Terminology (CPT) and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes from electronic data. The results of guaiac fecal occult blood tests (gFOBT)/FIT were obtained from laboratory databases. FIT kit mail dates were obtained from the screening program databases through December 2012 and were used to define a subset of tests completed following program outreach activities.
Population Health Intervention
KPNC began sigmoidoscopy and stool-based screening in the 1960s as part of health checkups. 24 In 1994, they began a more robust region-wide screening program focused on using flexible sigmoidoscopy as the primary screening approach, but relied on physician referrals during face-to-face office visits. 32, 33 The program succeeded in screening only one-third of the populations eligible for screening. In response, KPNC initiated a more comprehensive long-term effort that included 1) leadership alignment and accountability for CRC performance goals and targets at each center; 2) performance-based financial allocation; 3) automated electronic medical record (EMR) prompts; 4) moving away from sigmoidoscopy in favor of colonoscopy, while simultaneously increasing capacity through process improvements for both primary screening and diagnostic testing for positive fecal immunochemical tests (FIT); and 5) detailed quality assurance metrics for the entire screening process. 24, 34 In 2007, KPNC launched a proactive CRC screening program based on PHM principles. This included a dedicated management team that systematically identified all persons 50-75 years of age who were not up to date on screening during each calendar year, mailed FIT outreach kits to their home addresses (outreach), and automated EMR reminder alerts to offer screening during clinic visits (facilitated in-reach). The program provides information about CRC screening and instructions for completing FIT in both the mailed kit and on a website dedicated to the screening program. Non-responders are reminded by phone or mail.
Outcomes
The primary outcome was the receipt of CRC testing for each calendar year, defined as being up to date by use of any of the US Preventive Services Task Force-recommended screening tests, based on Healthcare Effectiveness Data and Information Set (HEDIS) criteria. 35 Persons 51-75 years old were considered up to date if, in any given year, they had received a colonoscopy within the prior 10 years, sigmoidoscopy within the prior 5 years, or gFOBT/FIT in that calendar year, without regard to the indication for the test. In 2004, about 79.8 % of individuals had at least 5 years of follow-up (or look-back) prior to cohort entry. Separate secondary outcome measures evaluated receipt of individual CRC tests (colonoscopy, sigmoidoscopy, gFOBT, or FIT). Individuals were also credited as receiving gFOBT/FIT during a calendar year if they had received gFOBT/FIT in the last 91 days of the prior year. 36 We defined timely follow-up of positive gFOBT/FIT over the study period as receipt of colonoscopy within 90 days of the positive result, based partially on KPNC quality standards and on published literature.
37, 38
Predictor and Other Variables
The analysis included people who self-identified or were assigned by an observer as non-Hispanic white (white), nonHispanic black (black), Hispanic/Latino (Hispanic), Asian/ Pacific Islander (API), Native American, or multiple races, and excluded 'other unspecified, or unknown race. Data included age at the date of cohort entry (and updated for each period), sex, insurance (Medicaid, Medicare, or commercial), modified Charlson comorbidity score, 39 and geographical region where a person received the majority of their care (medical center). Socioeconomic status (SES) was measured using the percentage of households in the census tract who were below the federal poverty level, as this indicator was found to be correlated with CRC test use in previous studies. 40 We 
Statistical Analysis
We first computed the percentage of persons who were up to date on CRC screening, overall and by test type, separately for each year of the study and by race/ethnicity. We also assessed the percentage of persons who completed FIT after being mailed a FIT kit and the percentage receiving colonoscopy after a positive FIT, according to race/ethnicity. We obtained and compared age/sex-adjusted rates (and 99 % CI) for each study year using log-binomial models. We then used logistic regression models to compare screening status in the 3-year period immediately prior (2004) (2005) (2006) to the immediate postimplementation period (2007) (2008) (2009) ) and then to the period 4 to 7 years (2010-2013) after program implementation. We derived the estimates of the rate ratios (RR) and 99 % CI for the association between race/ethnicity and receipt of screening compared with non-receipt, using predicted values from a model which included an interaction term between race/ethnicity and an indicator for the three time periods. Our regressions used a generalized estimating equation (GEE) approach to account for the correlation of repeated measures in the same individual over time. We compared the magnitude of the RR for each racial/ethnic group (vs. whites) between the pre-implementation (2004-2006) and post-implementation periods using the chi-Square test. Multivariable analyses were adjusted for age, sex, Charlson comorbidity score, insurance type and medical region. Adjustment for SES produced no substantive change in the results and was thus not included in the final models.
We evaluated the receipt of colonoscopy within 90 and 180 days of a positive stool test by racial/ethnic group during the study period. Due to the large sample size, all statistical significance was defined by a p value of 0.01, and all p values were Bonferroni-adjusted to account for the relevant multiple comparisons. All analyses were performed using STATA version 12.1 software (StataCorp LP, College Station, TX).
RESULTS
Study Sample
There were 970,765 potentially eligible men and women aged 51-74 years enrolled in KPNC between 2004 (Table 1) .
Screening Utilization Patterns
The overall age/sex-adjusted proportion of the eligible KPNC population who were up to date on CRC screening increased over the 10-year period, from 35.3 % in 2004 to 80.9 % in 2013 (see online Appendix Table 3 , and Fig. 3 ) with large increases observed in all racial/ ethnic groups (Fig. 2) . While increases in all groups were evident in the period preceding implementation of the FIT-based PHM program (2004) (2005) (2006) , the most notable gains in screening were observed after implementation. However, screening rates before and after program implementation remained lowest among Hispanics (from 2004 to 2013: 33.1 to 78.3 %) and Native Americans (29.4 to 74.5 %), and highest among APIs (36.3 to 83.0 %) and those of multiple races (39.0 to 84.9 %; online Appendix Table 3 , Fig. 4 ). There was a pronounced increase in stool-based test use after program implementation (4.3 % in 2004 vs. 44.1 % in 2013), along with a transition from gFOBT to FIT (see Fig. 2 ). The proportion of the population who received colonoscopy increased for all groups over the study period (8.2 % in 2004 vs. 32.6 % in 2013). A decrease was observed in sigmoidoscopy use after program implementation in all groups, but blacks had the slowest rate of decline. 
Screening After a Mailed FIT Kit and Receipt of Colonoscopy After Positive Stool Test
Among persons who were sent at least one mailed FIT kit during 2007-2012, the percentage subsequently completing FIT (mailed-FIT completion rate) was highest among multiple-race individuals (72.6 %), followed by APIs (68.3 %), whites (65.5 %), Hispanics (59.3 %), and blacks (58.5 %), and was lowest in Native Americans (56.5 %) (see online Appendix Table 4 ). These results paralleled the percentages in each racial/ethnic group who had received FIT during the study. Among those who had a positive stool test, rates of colonoscopy within 90 days increased from 29. APIs had a slightly higher likelihood of being screened than whites both before and after program rollout (see Table 2 ).
Association Between Race/Ethnicity and Individual Screening Tests
Compared with whites, all other racial/ethnic groups except for multiple-race individuals were less likely to undergo colonoscopy before and after implementation (see online Appendix  Fig. 4 ). Relative to whites, all other racial/ethnic groups except Native Americans had higher rates of sigmoidoscopy receipt in the post-implementation period. For example, compared with whites, blacks had 7 % and 22 % higher rates of receiving sigmoidoscopy (RR = 1.07, 99 % CI: 1.05-1.09 and RR = 1.22, 99 % CI: 1.19-1.24) during the 3 years before and 4-7 years after implementation, respectively. For APIs compared with whites, the RR for sigmoidoscopy use increased slightly, from 1.09 (1.07-1.11) to 1.12 (1.10-1.14) (see Table 2 ). Compared with whites, blacks had a slightly higher rate of gFOBT/FIT use before program implementation (RR = 1.05, 99 % CI: 1.02-1.08), but were significantly less likely to have had gFOBT/FIT testing during the 3 years following the switch from gFOBT to FIT (RR = 0.82, 99 % CI: 0.81-0.83).
DISCUSSION
In this longitudinal evaluation of a comprehensive approach to CRC screening at KPNC, we found large and important increases in receipt of CRC screening across all racial/ethnic groups. By 2013, minority groups had rates of CRC screening much higher than the national screening rate of 60.4 % for non-Hispanics, 58.2 % for blacks, 51.2 % for Asians and 41.5 % for Hispanics. 9 Importantly, the most dramatic gains were made after implementation of population health management approaches to CRC screening using mailed FIT. While FIT outreach likely played a large role in the observed increases, other elements germane to the population health management approach such as leadership alignment, goal-setting, performance-based financial allocation, and increased capacity for colonoscopy that had been implemented prior to FIT program rollout likely helped set the stage for the increase in screening uptake. In addition, and in contrast to other studies, 41, 42 we also saw improvements in timely receipt of colonoscopy after a positive stool test. Despite the overall large improvements in all groups, we did not see a reduction in racial/ethnic disparities, and new gaps developed. This finding is similar to national trends showing large gains in CRC screening among all racial and ethnic groups, but rates remaining higher among whites than other groups. 9 For Hispanics and Native Americans, we found lower relative screening rates than whites throughout the study period. Of concern is the fact that while blacks had slightly higher screening rates than whites at the start of the program, a gap relative to whites was evident in the first year of program implementation (48.8 % vs. 53.2 % in 2007 compared with 45.7 % vs. 45.6 % in 2006 for blacks and whites, respectively; see online Appendix Table 3 , Appendix Table 5 and Appendix  Fig. 4 ) that persisted throughout the observed implementation period. These disparities were largely driven by the rate of completion of mailed-FIT screening, suggesting slower adoption of this approach by blacks compared with whites. 43 Blacks also had a slightly higher rate of gFOBT use at the start, but had lower mailed-FIT completion rates during the post-implementation period. In addition, blacks showed the slowest decrease in rates of receiving sigmoidoscopy, a test that was de-emphasized in the new program.
One explanation for these findings is that although there have been some local efforts to close gaps with racial/ethnic minorities at KPNC, no systematic efforts have been made to culturally tailor the outreach program. In the case of CRC screening, tailored communication and navigator programs have been shown to increase screening rates in underserved racial/ethnic populations. [44] [45] [46] A similar approach could be applied to mailed FIT through engagement with local communities, along with individually tailored navigator programs for those who do not respond to initial outreach and who screen positive. Additionally, a broader strategy of provider engagement through evaluation and goal-setting could help eliminate disparities, even in outreach programs, but requires further study.
A strength of this study was the extended longitudinal follow-up of a large and relatively stable population to systematically track the use of health services over time. KPNC's integrated delivery structure and the implementation of the population health screening program provided a natural experiment with minimal variability in screening delivery. As such, this is a unique setting within which to study the adoption of an innovative cancer screening approach utilizing population health management principles. A limitation of this study is the inability to account for unmeasured factors that may have contributed to some of the observed differences in screening use. There may be incomplete capture of screening histories in electronic data that could contribute to observed differences, particularly for tests such as colonoscopy with long testing intervals. This limitation may have led to underestimation of the proportion screened, particularly in the early study years, but likely had only a minimal effect on the findings. In addition, clinical data such as family history, gastrointestinal symptoms, information-seeking, and provider recommendation were not available to evaluate the reasons for test choices.
This study demonstrates that a combined population health management and outreach approach to screening markedly increased uptake of CRC screening and followup of positive FIT across diverse patient populations. Our findings support the potential for this approach to increase screening use more broadly. 47 The findings of differential response to the program across distinct population groups underscore the need to closely monitor and evaluate such programs in the early implementation phases for differential uptake across diverse groups in order to address gaps that may emerge. Policymakers should therefore ensure that when novel health delivery interventions are developed, consideration is given to how they may accrue differentially across diverse population groups. If differences are detected, efforts should be made to understand the causes. Findings from such analyses will inform the use of evidence-based delivery approaches most likely to be effective for specific population groups, thus mitigating the potential for disparities to emerge or worsen as new healthcare innovations are implemented.
